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ABSTBACT 

Presented is one 'of a series of Hational Aeronautics" 
and* Space Adiinostration (HAS A) facts abptit the exploration of Bars-, 
In this publicationr eiphasi^ is placed on the planet Haxs as a 
aember of the Solar System and a detailed description is given 
related -to historical accounts of the planet's existence and its 
travels. The physical characteristics are described as well as tho^e 
of. its satellites. Photographs as seen by Mariner 9 from' space and 
diagr^matic figures shoving^ position and distances reljated to earth 
and sun are included in the article*. Five student projects are given. 
as *ell as suggested readings. (SB) ^ . - 
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* materials not available f^rom others sources. EEIC makes every effort * 
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♦responsible for the quality of the original document* Beproductions * 

* supplied by EDBS are the best that can be made from the originalf * 
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S M ARS^S^ A MEMBER 
^ OF THE SOLAR SYSTEM 

One of a ^rles of NASA facte about the explora-J 
. tion^f-Mars. u ' 
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^ars In the Skies, of Earth 

Outermost of the -Earth-like planets, Mars was 
one of the seven "planets" known to the ancients; 
the others being Mercury, Venus, Jupiter, Saturn, 
the Sun, and the Moon. The Sun and the Moon 
were inclfided because they, Jtoo, like the planets, 
appear to move from west *to east among, the , 
constellatfons . of the "fixed" stars. The word 
'."planet" is derived from the Greek planetes which 
means "a wanderer/' 
> 

Approximately every two years Mars becomes a 
^^ry brilliant star-like o.bject in the midnight sky 



(26.45 million ml les)^ Earth's distance from the Sun 
varies by only 5.^ millidn kilometers {2.22 million 
miles). - 

Mars t^kes 687 Earth days to revolve completely 
around 4he Sun, compared with the 365% days of 
Earth's solar year. When a superior planet, such 
as Mars, i% directly opposite to the Sun in the 
skies pf Earthf it is said to ioe in opposition 
(Figure 2). At such time the Earth is between 
thp Sun and ihe planet, and since the planet 
is then closest to Earth it shinps its brightest [n 
the southern sky at midnight. 



Cr 
O 

o 



light. To the ancients this light suggested 
blood and fire, so they associated the planet with 
war and .gave it martial names — Nergal (Master 
of Battles) in Chaldea, Ares (God olf War) in 
Greece, and Mars (God of War) in Rome. While 
Mars is generally the modern name for the planet, 
the- earlier name, Ares, is perpetuated by scientists 
when they refer to areography (geography of Mars) 
and areocentric (centered on Mars). E^en the 
symbol for Mars, ^, suggests a^ spear and a 
shield. ' . - 

% Mars orbits the Sun outside the ^orbit of the 
Earth. Accordingly it is inferred to as a superior 
planet, as contrasted with the inferior planets, 
Mercury and Venus", which revolve around' the 
Sun inside the Earth|s orbit. The orbit of Mars 
departs farther from a circle, i.e. is more elliptical, 
than thajt of the Earth. 

. Because Mars travels along an ellipse it moves 
between two extremeK^f distance from the Sun 
(Figure 1). At closest approach, perihelion. Mars 
is 206.66 million kilometers (1^8.41 millior! mHes). 
from the Sun. At aphelion, the most distant part 
of its orbit, Mars is 249.23 million kilometers (154.86 
million miles) from the Sun. While Mars' distance 
from the Sun thus varies by 42.5 million kilometers 



Oppositions m7Waf§. take place once every. 2 
years and 2 months -approximately (every 780 
days on the pverag^).. Mars' velocity along Its 
ori^it varies from , fast at perihelion to slow at 
aphelion. These variations cause the dates'of 
oppositions also tcTvary slightly either side of the 
mean period of 780 days. For example, when Mars 
.is at opposition close to its aphelion, the time be- 
tween' oppositions is only 764 days, whereas when 
Oppositions are close to perihelion the time be- 
tween them increases to 81.1 days. 

Also, oppositions close to the perihelion of Mars 
bring the planet much closer to Earth, to 55.81 
millipn kifometers (34.68 million miles), compared 
with 101.3 milliop kilometers (62.3 million miles) at 
aa aphelic. opposition. Thus, the diameter of the 
disc of,^1ars as seen in a ^telescope frorp Earth' 
is nearly, twice as large at a favorable opposition 
as at an unfavorable opposition. 

Close approaches of\M9rs, i*e,j3erihelic opposi- 
tions, occur^very 16 years- on the average. At 
the most recent of these approaches in August 
1971, Mars was separated from Earth by 56.2 
million kilometers (34.92 mjllion miles). The next 
p^ihelic opposition will occur in September. 1988, 
when Mars will be slightly farther away; 58.4 million 
kilometer3 (36.3 million miles). 
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Flgur* 1. Orbits of Earth and Mars, ahowfng aphallon and ptrlhMipn poaftlont arKf cfitjancat. 



Unfortunately for astronomers based in the 
nortftern hemispihere^ favorable oppositions always 
occur in the month of August, whqn'Mars'ls very 
low in the southern sky at midnight. This condition 
arises from two astronojnical facts. Rrst,\the . 
planets all revolve around Jhe Sun in nearly the 
same plane as the plane of the Earth's ofBtt, which 
'Ts callecTthe plane of the ecliptic. As seen from 
Earth the planets appear to moye through *the 
stars very close* to the pr<:uecfion of the Earth's 
orbit dn the star sphere, which is called the ecliptic 
—an imaginary line on the celestial sphere pa§slng 
through those twelve constellations known as the 
Zodiacal constellations. 

Second, since the'Earth spins on an axis inclined 
23V2 degrees to the poles of its orbit, the ecliptic 
arches across Earth's sky at an angle which. " 
changes over each twenty-four ^hours (due to the 
spin of the Earth), and over each year, (due to 
the revolution of the Earth around the Sun), At 
midnight during northern hemisphere summer, the 
ecliptic is low across the. southern sky, whereas 
at noon It is high in the southern sky. in winter the 
opposite is true. As a consequence, a planet at 
opp&sition Is low in the midnight sky in summer , 
and high in the midnight sky in winter. But when 
Mars is at opposition fn the winter sky it is alv^ays 



an unfavoraWe opposition and the planet IS fSr 
-away /and difficult to observe. When the planet 
is closer to the Earth at .a summer opposition, 
it Is, unfortunately, low In the^ky and more dis* 
torted-ljy atmospheric effects. 

^ Conjunction of* a superior pfanet occurs when, 
it Is on the far side of lis orbit, beyond thd Sun 
as seen ^rom 'Earth. The planet Is then most dls- 
' tant from Earth and most difficult to observe. It 
is also close to the Sun In the sjcy. Even radio 
signals from a planet close to conjunction are 
drfficult to receive because they'must pass close 
to. the turbulent outer ^itmdsphere^of the Sun 
which causes them^ tb become distorted. 

Physical Characteristics of Mars 

Mars is the oufermost of the Solar System's 
rocky inner planets of which Mercury, Venus, 
Earth and^ Moon are the other family members. 
Mars IS not a larcie planet; it is between Mercury 
and Earth in size. Its equatorial* diameter is 6786 
kilometers (4217 m*) compared with Earth's 12,756 . 
kilometers (7926 m.). It rotates on its 'axis, as 
does Earth, but in 24 hours 29 minutes. So day 
and night on Mars are almost the same lengths 
of time as oh Earth. The Martian day has been 
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Figun 2. ConJuncUon, oppotHlon, and qu»dr«turt of Mtrs. 
• • • • 

called a* Sol by space experimentej:s planning 
expeditions to the Martian surface. A Mars year 
consists of 670 SqJs, i^. 687 Earth days. 

-^fJlars' axis, lik^ that of the Earth, is not perpen- 
dicular to the plane of its.orWt It Is tilted 25 
degress compared with Earth's axial tilt df 23Vz 
degrees. So Mars, too, experiencBS-Si 
hemisphere then the other tilts towards the Sun 
because of the movement of MarV around its orbit 
.Brut, because Mars' distance from the. Sun varies 
consider^ly during a Martian year^ the Martian 
seasons ara more complicated than seasons on 
Earth. 

Mars IS closest to the Sun during spring in the 
planet's sauthern hemisphere; thus southern hem- 
isphere spring on Mars is always warmer than 
northern hemisphere spring. Summer in the rforth- 
ern hemisphere is also long because Mars is 
moving slowly along 'its orbit close to aphelion, 
but it is a cool summer. Mars receives about 44 
percent more solar radiation .per unit area of 
surface at perihelion than at aphelion; surface 
temperatures can ^thus vary^ considerably, the 
south polar cap of Mars almost disappears during 
the hot, soufhern 'hemisphere summer, whereas 
the north polar cap has never been observed to 
disappeaftas viewed from Earth. Actually neither 
cap disappears completely; there is a smalf per- 
manent cap even at the s'outhern polar region of 
the planet. This is discussed in a subsequent 
booklet of this series. • . 

The combination of axial inclinajlion and olbital 
eflipticity leads t04-northern hemisphere winters 
lhat are short and warm, and summers that aire 



long -but cool, with southern hemisphere winters 
that are'Iong and coTd,. and sumnters that are hot 
and short 

Satellites of Mar$ ^ ' 

' Mercury and Venus do not have satellites. Earth 
has Its unusually large Moon. Mars has two very. . 
small sat^tes tS»t can be observedirt large 
telescopes at a dcse opposition of the p^et At 
the 1971 opposition they appeared in a 24-inc^ 
telescope as tiijy 'spots of light almost fiidden fn 
IRe^glare oTlheTflaih^^ 

in 1610 Johannes Kepler predicted that Mars 
might have twc'^ateliites based on \he fact that 
the Earth has one andr Galileo' had seqn four 
satellites of Jupiter. It was a wilii ^uess^ but it 
probably was known to Jonathan Swifts the English 
satirist who' in his Gulliver's Travels, published 
in 1726, wrote of two lesser stars or satellites re- * 
volvjng around Mars. But these two satellites were 
not actually seep until 1877. Asaph Half, their dis- 
coverer, named the two tiny worlds Oeimos and 
Phobos after the horses that draw the charfotof 
Mars (Flight and Fear, respectively). , , 

These Majlian moons revolve very close to their 
planet Phjibos, the inner satellite, revolves Jn 7 
hours and 40 minutes In an almost circular orbit 
only 6005 kilometers "(3700 m.) above the surface • 




ERIC 



FIflurt 3. MarlfMr 9 Ptioto of^ Phoboi 



F)9ur« 4. MiiHn#r 9 Photo of Mmo»' 

Of Mars. The tiny, odd-shaped, satellite is about 
27.2 kilometers (16.9 m.) Jong and 19,4 kilometers 

..^{i2JXjiL)j^/^ kilometers 
(14,600 m.) in 30 hours and 18 minutes. It i? even 
smaUer than Phobos— 16 kilometers (5.9 m.) long,- 
and 11 kilometers (6.8 m.) wide. From the dark ap- 
pearance of these satellites and their heavily 
cratered and irregular shapes as seen by close-up 
photjDgraphy from NASA's Mariner spacecraft, 

' scientists condlude that Deimos and Phobos were 
formed perhaps 3 or 4 Ijillion years ago and 
possibly are captured asteroids (Figures 3 and 4). 

Deimos is to^ smali and tQo far away from Mars 
to cau^e an eclipse of the Sun. When it does pass 
between Mars and the Sun anyone standing* on. 
Mars would sea Deimos as an irregularly-shaped 
black object silhouetted against th^ bright solar 
disc, Phobos, howevec, can cast a shadqw'on 
Mars (Figure 5). If an observer were standing on 
the.Martian surface within the path of that shadow 
he would see the Sun eclipsed, just as the Moon 
eclipses the Sun on Earlh. But because of the 
. rapid motion of the inner satellite of Mars, si^ch 
an eclipse would last for f bout one second only. 

Moreover, Phobos cannot be seen from some 
parts of Mars. It is so close to the planet th^t the 
curve of the surface of Mars hides it from view 
of observers located beyond 70 degrees north and 
douth latitude. If you w^re standing on the surface 
of Mars and looking up at Pho^^os hurtling directly 



overfiead it would appear aboat two-thirds** th0 
size of the Moon we sge in Earth*ssky. , 



Sightings and Motions of Mars^ 1975/76^ 

The most recent opposltfon of Mars was on 
December t5, 1^75. It was not a clo^e opposition, 
since at its closest, on December. 8, Mars was 84.6 
million kilometers (52.57 million m.) from Earth. 

Mars Is easy to identify jn the night sky because 
of its steady reddish brilliance and^t)ecause It does ' 
not twin We like the stars. Thfe^ear, two Vlkmg 
spacecraft' are on the way tp^Mar^.Thdy are.un-' 
manned but automated, and carrying many scien- 
tific experiments.-^ ' y 

From launch to rendezvous of the Vikings, Mars, 
will have moved along ffie ecliptic through 'the 
Zodiac from ^Taurus to Virgo, passing in turn 
through G^ini, Cancer, and Leo (Sqe Figure 6). 
Around the months close to opposition, however, 
the mption of Mars in the night sky changes. In- 
stMtf of traveling each day further to (he east, 
.itXalts its eastward motion about November T975 

/When close^fo the star Eta Geminorum, and retreats 
westwards,' back into Taurus. Then again, at the 
beginning of February 1976^ the motion changes. 
Mars halts its backward, or retrograde, motion, 
and resumes if6 motion to the east. Thus, around 

^ opposition. Mars appears to loop among the stars. 
This loop is caused by the relative motions of 



Earth and Mars, Earth movixig fasFer m its orbit,* 
catches up with Mars, and as Earft moves past 
"ars the outer planet seems to be mowng back- 
wards; ft Is [Ike watching a slow car from a fast 
car overtaking iL'The slow car appears to move 
backward relative fo the obsferver in the fast car. 
Butlatefr as the brbltat curve around the Sun, ftars 
is seen In ib true motion around its orbit a§ viewed 
from Earth (Rgure 7). At the Jme of the Nation'-r* 
bicentennial. Mars will be in the consfellatlons- 
Leo and Virgo as" the first NA^ spacecraft lands 
In July and the second in Seetember,1976. 
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, Rgure 8 shows the position of Mars alnong th^ 
constellations and where It can be observed In 
the night .sky at .the^tlmes of Viking -launch and 
arrival at Mf refand at the time of Mars' opposition. 



STUDY PROJECTS 

Project One ^ ^ . 

Refer io an . astrono'mlcal star atl^., such ' as 
^ ^fofton•s, and mak? ^rnap ol the Zodiacal con- 
stellations Taurus th^gh Virgo; I.e. .from eight , 
' ^ascension 3 hours tor 14 hours. Use the following 
information of, right ascension and^ declination of 
Mars each .month to trace the movement of Mars 
.from- Viking launch. {Al[jgust 1975) to their rendez- . 
, vous with Mars (July and August 1975). Use Figure 
6 as a 5Uide.^Note you -will havie to plot the posi- 
tions of trte stars op your map in terms* of their 
coordinates of right ascension (comparable with 
longitude on Earth) and declinatipn north "and 
, south (coTriparable with latitude on Earth). Plajce 
; only the brightest stars on the map. — 
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FTgura 7. How Mart makts a rttroflradt loop In tha tky 
about tht HIma of oppot Itfon. 
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Ffgura «. Path of Mara throu9h tht Zodiacal contlaHAtlont aurhng lha Olghf of Viking (o Mara.. 




Potltiont of Mart about tfw first 
day of eacfi month, 1975/1576 v 
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FlflUft f . Th« potHIont of Malrt In tht conttolUittbnt at th« 
tiiiM of Viking 1 launch and arrival at Mart and at tha ftma of 
tho 0{)iM)a{il^ of Mara, D^pirmbtr.1975. Nota tht poaftion of 
fha aoHptlCi affown a« a doHad lint. 



•NoteN. Solar cdnjunctfon takes place close to 
November 15, f976, when^Mars- cahnqt be seen 
from Earth. Ajso, for seveml weeks eitlier ,sfde 
of conjunction, radio signals cannot be received- 
from a spacecraft at tiie pJaneL * : , 

* > ' «^ ' 

Project Two 

As' necessary refer- to an astronomical text* 
book and draw a plan map of tii'e S^r System 
, sii owing tiie Sun and. the orbits ol tarth and^ 
Mars, indicate, on these orbits the position! of 
tfle Earth and Mars at the beginning of each 
month, corresponding to the positions of Mars 
in the sky that, you have indicated on, your star 
map of Project One. - \ 

Make sure that the orbits' are carefully drawn 
to scdie, and remember that the perihelion of Earth 
Is close to the polht on Earth's orbit where the 
Earth Is in January each yea^ The perihelion of 
Mars' orbit Is on q line from" tiie Sun through th^ 
posilioaof the EartTi in the middle of August/each 
year. 

Plac^ marJ<s 6n the ofbit Mars to show' its 
approximate position at^th^. beginning- of each 
month, working either st(ie of Mars' perihelion. 

To refate Earth's dates. to Mars'" dates, work 
from the position at Mars' opposition on December 
15, 19751 To. find this' position, draw a IJne from 
the Sun throUgh the Earth atTfs position*^on Decem- 
ber 15 and extend the line' to^ the orbit of Mars. The 
point at which Ihe lirte crosses Mars' orbit fs 
where Mars will be December 15, 1S75. Now add 
dates to the monthly position marks you made 
along the orbit of Mars. By comparing these dated 
positions' on Mars' orbit with the dated positions 



on Earth> orbit, you will be able to see ho.w Mf^s 
. and Earth move round the Sun, relative to.egch'^ 
- other during 1S75'and igf7fe^ and why Mars appears' 
to move backward along Ihe-^liptfc at opposition. 

Mat^e lines"'betw^?n Earth andi4ars at.thefr 
^ poslHons on Ihe Sf^t day 6f each moriOf, Jhe 
fengths of these ^ it^ ^ provide the/i^etato^. dls- 
tances between the planets on the trst bf.feach . 
.monjh. Note that by tfte .time Earth , comes Jkvil 
^ith Mars at the December 15, 1975 oppositlOT, 
^ Mars has moved outward from the Sun and \$ more 
distant than at perih eiioni so the 1975 pjapflsjtfon .^^ 
fs hot a dqse one. Mark the positions of Earth and 
Mars on ttielr ofbtts at the times Viking A and B 
are lacftiched and at the time^ftie spacecraft, 
arrivje aC Mars. * , , 

Project Three 

On or about the fi»t day of each month, go put 
on a clear night and look for Mars. Check jts 
position among the stars with the map you made 
for Project One. If you- have access ,to' a small . 
telescope, either privately or by visiting a plane- 
tarium, watch how the disc of the planet becomes 
large a? the lines between Earth and Mars you 
drew in Project Two, grow shprter and shorter. 
Calculate, on the basis of the lengths of these 
lines, the relatfve diameters of the discs of Mars 
as you should be able to see them each month 
througt} the telescope. Make the closest approach 
a ^isc one inch in diameter: Does the disc of : 
Mars see;! tn the telescope correspond in'relatlve * , 
size to the disc size you have calculated for each' 
month? ,7" * * ♦ 

Project Four ' * ' . 

, The plane of the orbit of Mars is not exactly the ' 
same as the plan^ of the Earth's orbit; they differ ' 
by 1.85 degrees. Draw an*end-oh, view to scale . 
showlng.thfe relative sizes of the two orhftts and 
.the positions of the planet Mars at its highest and 
lowest points above and below the* plane of thfe 

»;parth's orbit. Note that these points do not cor- 
respond to aphelion anci perihelion^ of Mars; in- 

. steady the point 'where. Mars is 'highest (most 
northerly^bove the plane^of Earth's orbit) occurs 
when Mars is 249 million kilometers (155 million m.) 
from the Sun, and the point where it is at its lowest 
occurs .when .Mars is 206 million kilometers (128 

. million m.) from the Sun. 

» * • 

Calculate, either by trigonometry or by drawing 
to a large enough^ scale, how many millions of 
JcHometers (and millioh of miles) Mars will be: 



" a) above Earth's orbit and b) below Earth^s orbltH 
, * these two- extreme positions. ^ * 

If we had an absent-minded* /lavfgator of a 
spacecraft flying from Earth to Mars, and he forgot 
about this plane changfe, these distances would be 
the- kilometers (or miles) he would be off from 
. fjls targhX^ Mars,^ 

^Project Five : * ^ 

_ Imagine that you are a Martian, and that yon 
.JhaNte^jcalSulaiedJie-JDrfaltaL^ Phobos and 
found that both Phobos and the Sun^wJll be exactly 
overhead at your location. on Mars (latitude and ' 
tongitudp) at the time^. i.e. you will be, able 
to see an eclipse of the Sun fay Phobos. Calculate 
how long this ecjijDse will last; assume thatTbobos. 

• drosses the Sun's disc with the long axis of the 
satefltte aligned along its orbit, and that it is the 
time in the Martian year when the solar disc has 

' a diameter of one third of a degree (20 minutes of 
arc). 

Calculate the time 'between flrst'contact (wHen 
the satellite begins to shbw as a black 'bite' 
out of the solar disc), to second* contact (when 

fe solar is covered), then the* pario^d of 
§elipse,aRd' finally the time to the end of 
KJllpse from^lhe end of totality. How would 
these times differ ifVhobos happened to be travel- 
ing across the Sun's disc with the satellite's short 
axis aligned alongWts orbit? 

Make a series of drawings showing how these 
two types- of eclipse might look to a Martian ob- 
serving the eclipse through special darkeited'glass/^ 
to protect the eyes. 

• . * , i 



Suggested Reading, 

THE BOOK OF MARS, S. Glasstone, NASA SP-179, 
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MARS, Robert S. ftichardson and Chesley 
Bonestelli George Allen and Unwin, London, . 

'1965 / , ' ^ : 

LAROUSSE ENCYCLOPEDIA OF ' ASTRONOMY, 
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theus Press, New York, 1959. 
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